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FINAL RKPORT 
FOR A 

THREE-AXIS FLIGHT SIMULATOR 
(S.O. K00213) 


1.0 INTRODUCTION The equipment, Model 158-0070, shown 

in Figure 1, is a three-axis simulator 
■ for testing and evaluating inertial 

measuring units and flight platforms. 
Each axis is independently digitally 
controlled by manual or computer com- 
mands in either Position or Rate modes. 
The inner axis is equipped with a 30- 
inch diameter cast aluminum table top 
which is capable of continuous rotation. 
Electrical access to the test package 
is by connectors on the table top which 
provide 100 lines for experimental use. 
The system was shipped at the end of 
May 1975 and installation was completed 
in the second half of July 1975. 
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2.0 SPECIFICATION SUMMARY 
2.. I MECHANICAL 

2.1.1 OUTER AXIS 
Range 

Orthogonality 
Wobble 
Bearings 
Torque Motor 
Position Readout 
Fine 

Coarse 

Rate Readout 

Transducer 

Ripple 

Scale Factor 


±95* 

5 arc seconds 
5 arc seconds 
Precision ball 
300 ft-lbs 

12-inch Inductosyn 
720 poles 

2-pole resolver 

DC Tachometer 
0 . 1 % 

9.5 ±1 v/rad/soc 
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2.1.2 MIDDLE AXIS 
Range 

Orthogonality 
Wobble 
Bearings 
Torque Motors 
Position Readout 
Fine 

Coarse 

Rate Readout 

Transducer 

Ripple 

Scale Factor 


±170* 

5 arc seconds 
5 arc seconds 
Precision ball 
33 ft-lb, total 

12-inch Inductosyn 
720 poles 

2-pole resolver 

DC Tachometer 
0 . 1 % 

9.5 ±1 v/rad/sec 
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2.1.3 INNER AXIS 
Range 

Orthogonality 
Wobble 
Bearings 
Torque Motor 
Position Readout 
Fine 

Coarse 

Rate Readout 

Transducer 

Ripple 

Scale Factor 


Infinite 
5 arc seconds 
5 arc seconds 
Precision ball 
16 ft-lbs 

12-inch Inductosyn 
720 poles 

2-pole resolver 

DC Tachometer 
0 . 1 % 

9.5 dtl v/rad/sec 
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2.2 ELECTRICAL 

2.2.1 POSITION MODE 

Range 

Inner Axis 
Middle Axis 
Outer Axis 
Resolution 
Accuracy 
Repeatability 
Slew rate, direction 

2.2.2 RATE MODE 

Ranges (CW/CCW^ 

Resolution 

Accuracy 

2.2.3 DATA READOUT 

Position 


TlW ■rftfMliSM Mtit M4«Wt m IM » HM * V tf. •«< •*. CM' 

llwMN fl9rs4iK«4 M •*! tsrin Mr giralM M ssi Hwrg ggrtv. Mt wmi tar •«« gtprgaM Mta* tae* tMt tar 


360 degrees 

340 degrees 

190 degrees 

0.0001 degree 

<5 arc seconds 

0.1 arc second 

10*/sec, least 
distance path 

0 - 99.99 degrees/aecond 
0 - 9.999 degrees/second 
0 - 0.9999 degree/second 
0 - 0.09999 degree/second 

0.01% of full scale 

15% of command 
• 

1) Visual Display 

2) Computer addressable, 

TTL compatible 

3) 1® pulse 
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Rate Hewlett Packard counter using 

1* position pulses displays 
inverse or direct rate. 
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3.0 T^.ST RESULTS 


The results of the acceptance test 
on the Model 158-0070 Three-Axis 
Test Table (TP-3520) arc presented 
in Appendix A. 
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APPENDIX A 

ACCEPTANCE TEST PLAN 
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MODEL ira THREE-AXIS TEST TABLE 
TP-3520 
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SECTION 1 

ELECTRICAL ACCEPT/iNCE TEST PLAN 
(FINAL TESTS) 
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SECTION II 

STANDARD TEST PROCEDURES 
(ELECTRICAL) 
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In tlu! inci'}j.u:i cal al iui'.nc-nt ol U;c Induct ooyn, sufficient data 
ir. o’jt.jincd tf; ascertain LJic. alicfrynont criorn of the installed 
Inductosyn (ref. . Tlio eccentricity error is calcolatod 

directly ii\ t.’io alifjjuuent procedure. 

TIso effective )>altern v7o:.blc car) be deduced from the variation 
i)i a.".plilude of t)io v.*indij;y-> ar. the unit in rotated by usiraj 
t’jc tcjir.ula. 

,, ,,, Volti:cc! Variation ^ .007 ., •> v i 

W ~ wobble « — 1 — r — -r — X — r — >: 2 X 1 0 

bo:.uT»al Variation U 

J) “ biarp.cter c»f the Inductosyn pe.ttcrn in inches 

Yliis fcnr.ula in based on a minimum spacing of 0.007 inches. 


KbbCTP.ohMCfi i:p!wi>. 

T)ic c»nly sie.ni f i ca::t electronics (’rrors arc due to ejoin t'nb:.I ar.sc 
error.s between i.};c current drives to the Inductosyn (n factory 
adjust.v.ent.) . The*, ver i f icat.' on of tliis accuiacy is o!)t:i i.ued bv 
ncasurin-.i tJ;e current }it.‘la.nce uj;incj_ a st'ccial test fi.rture i:; 
conjujK'tion with G/1 STP- 

Tile I’inc I'.rror contribution as a rc.sult of current unbalance is 
given by the follov’ing formula: 

^ X 2 X lo'" 
e 2i! n 1 

n « Klcctrical speed of tlie Inductosyn 

I «= Kom.ir.ai Cu.'rcjit )?eading 

LI «= Total curj'cnt difference bctv.'cen 
curroit drive c.liannel.s 
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Iiiduclor.yn drive error it: tested uniny STi’ 


In this test, a measure of the relative maynitude of tl;e 
j;J.ne a)»d eosine drive signals is obtained, as v:ol) as a 
measure of a combination of pliasc and hnr.ionic distortion 
error. T)»e former is cbt.»ined by direct I'.easure.mcnt of 
voltayo across a campling resistor in foin. 

The latter i ;; obtained )jy observing t!)e peak-to-pea); voltage 
across aiK)thor sarr.pling resistor. To ju*o;jcrly combine these 
values, they must Loth be scaled into rmc current units. 
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Va/Vf. 


t= pcak/pcak value of lissajous observed across and b, 

c rms value, of difference in current (mostly quadrature < 

i “0.35 (V /H, ) “ .quad.raturc imbalance 
X X «L 

i “ (V " V. )/R = magnitude unbalance 

m a b ' I . •' 

I « V /It “ nominal current 
a s 

t= Tot.il relative current error “ j “ ^x' 
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durincj execution of other tests. 
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results r.r.d fill out Table 1» performing Die necessary 
calculations. 
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Tes t Eou j or.Gnt ; 

1. Frcq'ioncy F^esponse Analy/or 


Pr ocod lire ; 

1. }’]are the axir. in POSITION node v.’ith the loop closed and ensur 
that it is r.tationarv. 


Connect the output of the analyzer to t!io suinpinn junction of 
IC4 on the COAHSE/riNE sv.’itcli card via a copponfiat ion notv.’orh 
v;ith the sane values ns Pjt, Cj?, and Rji,. Adjust amplitude 
for ^0.1“ (approximately +5 V). 

Connect TP5 on the coarse fine sv;itch to the innut of the 
frequency response antilyzer. 

Measure and record the amplitude and phase of the output si 
nal at suitable frequencies. P.ecord the 3-db point bandv;id 
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Shop Ord^r ; 
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Specif i. cation ; < 5 */<> CT 



Topt Setup : 
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OAJ 


station 

COMTKOL 


TII/E IfnCKVAL COUNTER 


Test rcuiiir-nnt ; 

1. Tine; Interval Counter 

Procedure ; 

1. Servo the axis under test in the R7»TE node, corjrand 99.99*/sec 
and neasuro the tire for 10 pulses. 

2. Repeat the test for 9.999, 0.9999, 0 . 09999*/snc. 

3. Verify rate operation below 0.005‘’/scc by connandinq pro- 
qrescivcly lo\^;cr rates and observino the position display. 

4. Set rate trip for operation at 100"/scc CVJ/CCVJ. 

5. I4otisure and record the tach scale factor. 
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AtJi) cuKKi :::■]• u.mit 



ruKPo r.i: 

The purpose' of this test is to dotonnino tlic stall acccl ora tier, r 
an axisi, and also any other acceleration at any other point i r. thc- 
rate vornnr. tine }>rofile when a r.tcp rate connancl is ap}>lied. r.c is 
useable in tentiny for r.jjecif i cati ons v;hich cull for: 

1) Stall acceleration 

2) Averrye tine to accelerate to a velocity 

3) Ac'^el oration and deceleration control with accuracy rcquire**er.“i 

In addition, since a larye .step contnand is applied to the serve, tr.s 
test is useable for establishij-.y the levxls of current 1 ini tine z’r.o. 
sy.stc.s; when features I'.ave been i ncorporatcci in tlie power nn.plifi.er 
circuitry as v;ell as dis.sipsticn linitiny. 


TEST AccuR/icy coKSi nEr.?iTio::s 


T)jo acceleration r.oa.suring accuracy of tliis test is linitod by a 
equipment provided and the accuracy vritJi v:)iich the rate output ‘‘ 
factor of IbiO equipment is knov;n. As.suniny t.hat a rate calibr'an 
test has J>ccn perfonted (.STP- E-2 71 ) for example, the .hnowlcdce c 
tacJi scale factoj* and t}:c e.mp]itucie error of the strij) chart rc-c 
in measurii:y rate v.’ould not be an accuracy factor in tliin tost, 
leaving only the inaccuracy duo to tlio timing of t.he strip chars 
recorder. It is rcccm.T.c.ndcd that the tine calibration of the st 
chcirt recorder sho’uld be verified prior to conducting the test, 
order to obtain a knov.’ledge of this scale factor. 



In gci^eral , the specif icatj o.n accuracy of the acceleration mode is i.n 
t.ho noig!ibor.hood of 11 to 10^, v.'.hich is within tliO range of the surir 
cliart recorder accuracy tine base; in general, strip chart recerders 
v.’ould not be adequate for It cur.plitude checks. Ncto t.hat the r=.uc- 
calibrations are generally ric^re accurate t},an this. 



ir«ccu ;>uM< I' 




•jTf.T i:on 1 Pi U’.rrt' n) :o uiuT: i) 

The test equipment'. remeiit.?; for thin t«ict are a strip ch*: 

rttcordcr and l!ie controller. 

If tliG controller j r. not equipped v;i th a nanual' input, an au.'; 
FAcairi of pi'oviding nl.oj) rate corjuanur; is required. 

TK.'IT PA 117 .M PT IIR Hh' ri|:T TTOK I dlQ DlHKP .niiTS 

The call for thin nt.andard step procedure* in the final tost sue: 
cation .should include the rates to be corrjTtandcd , the si>ocificat: 
of acce 3 eratioji and dcco 3 oration paranietez'S (citJier in tine «.c 
rate o.v in peak .stall acceleration or average accel oration/decc . 
If the t<jnt is used to verify accol C'rat.i.O!i/dccc 3 .eration cali~-t- 
.Icveln, then the test sliould specify accele.rati on/deccloraticn i 
for Ujc controller, ami Uie accuracy specifications of the ecce. 
and deceleration neasurenent at each of the rettings. 

Csuti onr. : 


the te.sts. 

Prior to running tJiis ter.t, it sliould ba verified that the c. 
limit adjustments have been pcrtoiT'ed on this unit prior to^ 
initiating thu test. If it hafi not been perfoiT.ied, this = 
be used to sot the current linit adjusti'icnt keeping i.n r.rn:; 
accuracy of the strip chart recorder. If this is done, be s 
and start at the lov.* end of the .adju.st.mont (see na.nual) . 


TF.r.T PRO C EDUK K 

1 ) Hook up the .system under test v.’i th the test equipment as 
tlio figure. 

2 ) Place the system in the proper ojicrating node by follov.-i; 
nanual . 




vn: 1 


Ti:sTi:i) i$Y 


wiTKi:i;;n:i) by 

(c.or.Kz) 


I witmhshj:p i^y 

[ (Cth'TO'lKH) 






ll •« 


Ui lU./M LUf.W'A.^r 


iticcKi'jiiAir.n 


i • I « { • 2 « 


/j:i) vi::/r 


• /i# ! r. t 


3) r’or rate table: r;y:jLcjn:*. , r.cL uu Uio nirlp chart recorder, cipher r*/ 
cal cul .ition or l-y trial and error, that tlic trarerj on the str:^ 
chart cover clone to tlic full r.cale ranee on the strip chart 
recorder, and adjust the r.trij) chart recorder speed so that at 
least live inches of strip chart paper are required to record the 
accelerati on/uacelt:ration transient. 


turn the strip chr.rr 


^i) Setup tlK; rate* ‘.able to accelerate to rates and decelerate 
rate*; as indicated '*n I lie data sheet. /vlv.'ayfj 
recorder on just prior to initiatii'.g the acccl oraticn/docel f ratic r. 
transient, and turn tlic strip chart recorder ofl after the trar.si*:. 


lias subsided prior to setting up for 
forr.i all of tlic tests indicated, and 
sheet. 


the ne.xt step cennand. ?er- 
rccord the values on the data 


5) Koasuro the rate voltage versus tino slope in order to dc-torr.iriO 
the acceleration from the torque or current cha.nnel . 


6) 


Measure and record tlie voltage across the current sampling resistcr 
during the acceleration transient. 


7) 


Detornine tlie magnitude of the current limit by dividing th.e value 
of the current sampling voltage obtained by tlie value of the 
current sampling resistor, and compare it to the value that is 
supposed to bo set. 


8) Calculate tlie pea); accolcrtiti.on a!;d stall acceleration fren' t 
formulas shov;n in the attached figure, using either t’.e rate 
tiric or (voltage over time) scale factor method for cemputatien 
(whichever is most convenient) . 








pATj; 

Tr.STi:n hy 

v.’iTrc Hr; r.r.n by 

v.’iT;n;cr.i:n by 




(GO»:iM',) 

(a)C’i’o!*.r.B) 

. 3 


( 


r. c 



K,p « Tach Scale Factor, °/sec-volt 
Re = Convnand Rate 

AR « Peak Rate Rrror Durii^c Acceleration 



















































SECTION III 

JiJECHJM‘3XCAL ACCEPTANCE TEST PLAN 
(IN PROCESS TESTS) 


\ f 




Tixi Anx’i'fcin Subsclmty of Coniiiivvfi AO, CX’rlikofi-Biihilo t-lo'dj'kti 
















SJXTION IV 

STANDARD TEST mOCEDURES 
(MECHWIICAL) 




ll»* Amptr^in Sitv-Jwluiiy oJ AT., CX-iM«.tn^ Ikiitk' Hokluxj 



lO 


•7 


‘M 


LO.V.I'ANY 
1 . 1 > 


I AMS n s I 



1 looIiiiR Mirror 

1 ‘\v. I i c Au* 'u’ol 1 inn t or , Kf)ni’tMr(jc*u‘ I'-S1 ? 
i X-V ‘‘lolUT • )• * Xo. (/I «'<iu i v.'ili .'it 


/■ 


• ^ V V riot t or 



ricimr i 


PHCCHriM-ir : 

1. '!ako Ic.sl setiH) as shown in I'ip.urc 1. 


],sinbl:s!i nutotol 1 inat ion lhrouf',!i 


clcjircc’S of shaft 


On the p.rnrli fron llto X-Y nlotlo' , draw llic .snallcsl r I 
i r.sc r i h i i!!’, Ihc wohblf’ prar)!i. Prn\.’ t ho larpost oirclo 
c i rcussr r i h i t -.r vohl>Jc j: rnp!i. 

■J he* rari'il d i f ro?onro is 1 !io lot;*! r;in»’i! oC the* rnnden 





ia:' 


j T I , » ! • 1 M 1 1 \ 

r it:’;i '.I !i' 

n'.'M.i: ) 

( n:sT('’'.i.!>’ 1 

















\ • (V# • 


Inr.trijmGnts' ^ 
Unit: 


Custamcir.t 


0O‘gCi 

Shop Order: k'^i ra 

SJ lA)L.L. ■■ 


pUTCR AAV5 


Specification RequirGfr.ont : 
• *o “ 

y;u<L^ 


E 


}/c»M£e. /a'Uool& 


* / . / AWS 

■"jT 


/yrocott//-/Aro/? 


ORIGINAL Pagp to 


/ ^ 


C.QrHOGOf/AUT^ 
CTFtROR t 


Task ■ 

Determine the perpendicularity error between two intersecting gimbal axes. 

Tost Setuo 

Set up an autocollimator or theodolite with an autocollirnating eyepieca with = 
resolution of 0,2 arc seconds minimum, such that Butocollirriation can be estsbli 
edviitj^th- the mirror placed on the center of the inner . axis, Mount an adjus-ss- 
double surface mirror on the inner axis and align it perpendicular to the axis 
of rotation. Two tooling mirrors are to be used if the shaft does not have e 
central perforation. . '■ 

Te st Procedure „ 

Establish autocollimation and measure and record the shaft direction in the co- 
ordinate parallel to the outer axis. Rotate the inner axis about itself icD'. 
Heaoure and record the shaft direction. Rotate the inner axis about the oucer 
axis leo*' and measure end record the shaft direction os above. Rotate the ir.r = : 
axis about itself 180“ end measure the shaft direction. Repeat each msasureren: 
3 times. 


Data Reduction 

Aueratje the readinQS of the first two sets of msasu'rsinents 


Avsraoe the rascirz: 


of the second two sets of mEasurements. The angular difference between the tw: 
averages equals 2 times the orthogonality orror £ 


OOTS^ o‘ 


ARGULAR POSIT I0?J 
0®5> Axis at □“ 

OF THE IRK'ER AXIS 

Axis at 1BD° 

Inner Axis 
At 

Start Pos. 

- mf 

■ 

Inner Axis 
At 

Start Pos. 


mSBKBk 


,o 

Inner Axis 
100“ From 
Start Pos, 

'Z.*7.6=' 

Inner Axis 
100“ From 
Start Pos. 

ss.s 


, ( 

. ■Z.'T-S „ 



z&A- 

Avg 2 , Set 

C^'O 

Difr. Between Avernnes = 2c = 


( OUT03 AXi:£^ : 
o.A. A2£- sr, 8 




oiyrw2 /ao 


ARGULAR PD5ITICD Or JHE IR.'CEF. 
-Gu^er Axis at 0“ , D^&r Axis 


Inner Axis 
At 

Start Pos. 



Inner Axis 
180“ From 
Start Pos. 


Avg 1. Set i 57,0 


Inner Axis i I73 _ 
Start Pos. : „ , 

; lo • I 


Inner Axis / 9.^ 
/9,S . 


Start PcD. 


Avg 


Set 


/BH 


Diff. Be tween Averages = 2i ~ 


zi ‘t? 


Average nrth.ogDnrility Ex-ror -„?i'^_„,Arc Sec 


/9. i 


tii 111 




























Afv'GULAR PDSITIDi'J OF THE lN'k'ER_ AXIS 
Duter Axis at 0° j Outer Axis at ICO'’ 


Inner Axis lc>n Inner Axis i /4.4 
At At 


Start Pos. 




At 

Start Pos. I S.yiJ'A 


Inner Axis! 
lOD'’ From 
Start Pos, 



Avq 1. Setj Aug 2. S 


DifF. Betuieen Auernnas » 2c 


Inner Axis ' S 
100“ Frcrn ‘ /ta,(o 
Start Pds. • , ' 


j LsJpi „ 






AriGULAR POSIT ICr-J OF THE irXvER AXI 
Outer Axis at O'’ i Outer Axis at i 



Inner Axis!. 

At |_ 

Start Pus.j 


Inner Axis 

100“ From j 
Start Pos* "■ 


Aug 1. Get: 


Dirr. Betunen Averages = 2t 


Inner Axis 
At 

Start Pos, 


Inner Axis 
1B0“ Freni 
Start Pos. 


Avq 2. Set 


Average nrlhuganalily Eri'or £ « ‘^'-Z^^Arc Sec 


y, 

TenLurJ 0 

y 

Ulitj'u]ssed < 

yffiierz) 

A “ ‘ * i‘ , y/ 

i t n e s 5 e d ( 0 u s t ome r 

i 

1 

r-AGE; j 

/ 4^. 1 





















‘ PHOCEDURE ; • 

Adjust, add, or subtract countcrw’eights as required to counter- 
balance the axis within the specified value. F x X juust be less 
than specified value. • - 

KESUI.TS : 

DUKiMY LOAD: 

WEIGI-iT: Cm 

DIMENSIONS : 





INSTRUMENT ; 


}A£:t 


SlMlVLATt'K 




2 1 ^ 


UNIT: 

SHOP ORDER: 

CUSTOMER: 

NOTES ; MiD,£>irJ Am. 


IvA'^A msf-o 


SPECIPICATIOH I W ITti N ^ J. 


TEST SET-UP 


Spring 

Scale 


Countcrv;eights 


Dummy Load 


EQUIPMENT 



Spring Scale 


Tilt Axis 


PROCEDURE ; . 

Adjust, add, or subtract counterv?eights as requii-cd to countei*- 
balance the axis within the specified value. F >: X must be less 
than specified value . 


RESULTS : 




DUMMY LOAD: 

F; 

^ 5-5 


V7EIGMT: 

X: 

1 1 

1 0 


DIMENSIONS : 

\ '■ 

'S UNBALANCE = F • X = 

^3 Ws 










COUNTCUHA LANCE 




INSTRUMENT ; 


UNIT : 


SHOP ORDER: 


CUSTOMER; 


NOTES : 




Kn)'2\'i. 


ivi 




SPECIFICATION; W I'fi-X IM S J "l [/’U ■ 


TEST SET-UP 


Spring 

Scale 


EQUIPMENT: 


Spring Scale 



X 



Counterweights 


y — Dummy Load 


Tilt Axis 


PROCEDURE: . 


Adjust, add, or subtract counterv7eights as required to counter- 
balance the axis v^ithin the specified value. P x X must be less 
than specified value. 


RESULTS : 


DUMMY LOAD: 
V?EIGMT: 


DIMENSIONS : 




UNBALANCE 


:e “ P • X == 7 7 0 tv 


^ • 0 



I'AGf 

I or i 





